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Technology as such is interesting 
but facing a big challenge in im-
plementation when attempting to 
reap the benefits of digitisation
ABSTRACT
Transformer manufacturers have a 
tough job competing globally, as it 
is a traditional, highly legacy driven, 
price-sensitive that also demands high 
reliability. With shareholders targeting 
to improve profits, manufacturers tend 
to focus on production capacity, flexibil-
ity, and improving production process-
es. On the contrary, when production 
goes global, the product development 
process faces critical challenges in 
localisation of design and production, 
transnational design collaboration 
and meeting local regulations and 
standards. Therefore, it becomes key 
to international success. Digital trans-
formation is a lever for transforming 
the product development process to 
realise the success of the global ex-
pansion. The article covers proven 
technologies from other industries 
and captures customers’ requirements 
to order execution by managing prod-
uct complexity. System driven product 
development can be used as a tool 
for system thinking by adapting mod-
ularisation, knowledge management, 
and design automation in engineering 
design processes. A combination of 
these technologies can be successful-
ly used to build a paperless factory and 
product digital twin. This article acts 
as a guide to top managers in defining 
proven approaches to the digital trans-
formation of the product development 
process and hence to achieve success.
Digital transformation in the product 
development of transformers is an im-
portant lever to increase profitability 
in transformer manufacturing. Digital 
transformation is a top management 
topic and needs a strategic approach. 
If appropriately addressed, it has the 
ability to transform the entire business. 
This encompasses multiple important 
functions, from customer requirements, 
product portfolio management, com-
plexity management, design and devel-
opment, manufacturing support, sup-
ply chain management. All these need 
to be integrated with a digital thread by 
analysing the existing process in four 
layers: product development process, 
sub-process, objects, and IT architec-
ture. Following a combination of the 
top-down and bottom-up approach, 
management can successfully convert 
the benefits of digital transformation 
into balance sheet figures.
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‘factory-of–the-future strategy’. This is 
more appropriate when you are in ex-
ploratory mode. It basically entails tak-
ing one physical location and designat-
ing it as your ‘factory of the future.’ This 
becomes a testing ground against which 
you can deploy different use cases, and 
test the results, see what the impact is, see 
the possibilities and resultant benefits.
However, if you are certain of the oppor-
tunity and you want to go faster, there is 
another model you can adopt. In this, you 
start with narrowing down the technol-
ogies, use cases, and pain-points in your 
operation. What are the highest-priority 
pain-points to be addressed? Is it the of-
fer process? Engineering change manage-
ment? Does it cost management? Or what 
are the use cases against these pain-points? 
Prioritise 8 to 10 areas that will drive 80 % 
of the value. Then line up projects against 
each of those areas with a target to achieve 
the results you expect.
Software solutions for the 
realisation of digital transformation
Digital transformation is a combination 
of technology, organisation process and 
human factors. Many of the concepts ex-
plained below can be achieved by prop-
erly customising the existing standard 
computer-aided design (CAD) software, 
product data management (PDM), and 
product lifecycle management applica-
tions (PLM) used commonly in engi-
neering product development. All major 
companies, like PTC, Siemens, etc., offer 
these tools in their portfolio. Addition-
ally, a lot of third-party configurator de-
velopment tools sold in the market as 
System engineering views products as 
complex systems and approaches the 
whole value chain of converting custom-
ers’ specification into finished product 
in a holistic way
Digital transformation  
as a backbone for holistic 
product development of 
transformers
Competitive advantage through digital tools and process
1. Introduction
Digital transformation has become a buzz 
word in the industry. Technology as such 
is interesting but facing a big challenge in 
implementation when attempting to reap 
the benefits of digitisation. There is no 
universal standard formula that applies 
to every industry. The transformer man-
ufacturing industry is different in its own 
way. The degree of technology maturity 
and applicability varies from product to 
product like “of the shelf transformers”, 
“made to stock”, some “engineer to or-
der” with high flexibility in engineering. 
Digital transformation poses high-lev-
el challenges in meeting each criterion. 
Most companies are already working 
on the digitalisation of their operations, 
and many of them are frustrated with 
the speed, scale and acceptance at engi-
neers’ level to deliver results according to 
the management’s expectations. Nobody 
has the patience to wait for years to reap 
the benefit of technology. Some manage-
ment with high motivation may start to 
push for implementation but will soon 
lose steam because of inherent imple-
mentation problems and lack of a deeper 
understanding. It depends on one’s level 
of conviction in the digital operations 
opportunity. One approach could be the 
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of the transformer not just in terms 
of a product but as a system with in-
terdependent interactions in a digital 
world makes a good case for adapting 
system engineering as one of the dig-
ital transformation strategies in the 
transformer industry.
3. Product complexity 
management to optimise 
product variety
Diversified customers’ requirements cre-
ate market-driven complexity. Limitation 
of the process and production creates 
internal complexity. Managing the com-
plexity between customer-product and 
manufacturing company and arriving at 
a “complexity sweet spot” for a product is 
vital to achieving profitability.
Product complexity management [3], 
coming strongly from the automotive 
industry in managing the product vari-
ants and modular product platforms, can 
help transformer companies to optimise 
their variant offering. This can be done 
by adapting one or many of the following 
approaches:
• defining market requirements and 
converting them to product variants,
• developing combinatory and business 
rules for creating a product range on 
the market,
• adapting modularisation, modular 
product structures,
• What are the requirements, and who 
has requested them?
• How many variants are needed to meet 
those requirements?
• Which variants fulfil which require-
ments?
• How to address interdisciplinary prod-
uct development?
• What is the relationship between the 
product, process and tools? How are 
they integrated?
• What process, methods and best prac-
tices are adapted to fulfil those needs?
The product development process and 
tools in today’s transformer industry 
successfully handle standard regulatory 
and specific customer application re-
quirements. However, they should be 
adjusted to future requirements of smart 
grids, which demands smart transform-
ers. Smart transformers need to fulfil new 
requirements of power quality, network 
stability, increased reliability, advanced 
fault detection and prediction, energy ef-
ficiency, condition monitoring, predictive 
maintenance, remaining life prediction 
and asset management. These require-
ments demand system thinking in the 
product development process. Thinking 
CPQE (configure–price–quote–engineer-
ing) solutions also help to achieve some 
of the objectives. However, it is important 
to customise the tools to meet the process 
objectives described below then just to 
implement the tool itself.
2. System engineering 
for collaborative product 
development
System engineering views products as 
complex systems and approaches the 
whole value chain of converting custom-
ers’ specification into finished product in 
a holistic way. In product development, 
the mind is set to thinking in terms of 
individual product components, the so-
called component-oriented thinking, and 
prevents a holistic and function-orient-
ed analysis. System engineering handles 
product as an overall system. The system 
includes not just the product but the proj-
ect, company, customer and operating en-
vironment.
System engineering [1,2] as a concept tries 
to address the transformer of tomorrow 
by following a holistic approach:
Diversified customers’ requirements create 
market-driven complexity, while the pro-
cess and production limitation create inter-
nal complexity
Figure 1. Different forces driving transformer complexity demand a holistic approach to complexity management
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tificial intelligence, automated geometry 
creation, inference engine, optimisation 
algorithms, machine learning algorithms, 
behaviour modelling, multidisciplinary 
design optimisation integration into ex-
isting ERP (enterprise resource planning), 
and PLM technologies.
The main objective of KBE is to reduce the 
lead-time by capturing the product and 
process knowledge. The core of the system 
is a product model where the knowledge 
of products and processes is stored [5,6].
Product designers in the transformer in-
dustry mostly use configurators readily 
available in the market and customise them 
for their needs. However, configurators 
come with their own limitations in offering 
flexibility in design. There have been good 
attempts by large transformer manufactur-
ers to develop modular knowledge-based 
engineering tools internally. However, due 
to software complexity, long development 
time, effective project management skills 
needed, rare availability of talent in the 
market having both software development 
and transformer knowledge, the low pay-
process, supported by the idea of con-
current engineering. Design automation 
(DA) is an application that automates re-
petitive tasks and integrates knowledge 
systems into a design process.
KBE is a methodology for capturing the 
design knowledge into templates. These 
templates can be reused to design modi-
fied products without repeating complete 
design processes. Design automation 
applications capture design parameters, 
rules, and logics and comprise various 
mathematical models, company experi-
ence (knowledge base), and empirical re-
lations. Hence, design automation incor-
porates a company knowledge database 
for the fast development of product iter-
ations. This technique reduces cycle time 
and costs. New designs are more reliable 
as they are based on past experience and 
knowledge captured by software, and this 
also eliminates errors by incorporating 
standard procedures in place.
The main components of such system 
are GUI development (graphical user 
interface), design automation engine, ar-
• applying knowledge-based engineer-
ing methods to manage complexity.
When applying this analysis to the trans-
former industry, the products are more 
standard in distribution transformers but 
power transformers, especially medium 
and low power product range, are low 
volume and mostly tailor-made, coun-
try-specific products. So, the product 
development process followed here is 
engineered to order. This methodology 
increases the cost of engineering and takes 
away the profit margins. There is a good 
scope for power transformer manufac-
turers to categorise their offering based on 
order intake history, define variant con-
figuration considering specifications, me-
chanical design and manufacturing. This 
analysis can provide a clear understanding 
of the percentage of reused components, 
modularisation of sub-assemblies and 
thus help in reducing the complexity to 
arrive at the sweet spot balance between 
complexity and profitability.
4. Knowledge-based 
engineering (KBE) to enable 
design automation
KBE [4] represents the merging of ob-
ject-oriented programming (OOPS), 
artificial intelligence (AI) techniques 
and computer-aided design (CAD). This 
method can be used as a true integrator 
throughout the product development 
KBE is a methodology for capturing the de-
sign knowledge into templates that can be 
reused to design modified products without 
repeating complete design processes
Figure 2(a). Knowledge based systems architecture Figure 2(b). Relationship between artificial intelligence and 
knowledge-based systems
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embedded in the product architecture 
known as “the product model”  as shown 
in Fig. 3(a) . A knowledge-based expert 
system can be built to systematically 
access and process this information to 
benefit decision-making during product 
development. Transformer product de-
signers become knowledge engineers 
who help to build knowledge systems 
covering the entire manufacturing engi-
neering and design.
The knowledge stored in an organisation 
in the form of data can be classified as 
structured and non-structured data. The 
data must be captured, processed, inter-
preted and stored, only to retrieve it for 
decision making. Variety of data points 
that could be captured are shown in Fig 
3(b) . An “inference engine” incorporat-
ing engineers’ knowledge can be used to 
build a knowledge-based decision system 
(KBS). 
The product model is a representa-
tion of all relevant business objects 
and information in a consistent and 
IT-supported structure as the central 
data backbone throughout the prod-
uct development process and complete 
product lifecycle.
4.2 Front-loading of a design
Front loading of a design [8] is an up-
coming concept in the digital transfor-
mation of product design, very highly 
followed in the aerospace industry. Natu-
and made available for decision making 
at the right time. Knowledge acquisi-
tion becomes a critical part of building 
knowledge-based engineering. A soft-
ware architecture for such knowledge 
based systems (KBS) architecture and 
difference between artificial intelligence 
(AI), knowledge based systems (KBS) 
and expert systems arec  is shown in Fig. 
2(a) and 2(b).
Design knowledge includes both the de-
sign object and the designer’s knowledge, 
the “what” and “why” information about 
a design. In addition to a description of 
an object’s physical parameters, it in-
cludes the rationale behind design deci-
sions and results of analyses performed 
on the object. This knowledge gets 
off in the short term, such full-scale design 
automation of transformers was not devel-
oped. But with the right efforts and now ex-
isting state-of-the-art software technology, 
a knowledge-based engineering tool can 
be developed to full-scale design automa-
tion. This can especially make medium and 
small power transformer companies more 
competitive in the market.
4.1 Knowledge management for 
structured decision making
Knowledge management [7] is a process 
used for acquiring and storing the en-
gineering knowledge generated during 
many phases of engineering. The knowl-
edge which is dispersed over an organi-
sation needs to be captured, assimilated, 
Knowledge management is a process used 
for acquiring and storing the engineering 
knowledge generated during many phases 
of engineering
Front-loading of a design is a concept where 
multiple options can be kept open during 
the offer stage and design definition phase, 
providing the flexibility to switch to alterna-
tive concepts
Figure 3a. Architecture and sub-modules in developing a product model – the nucleus of a knowledge-based engineering system
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workflow automation can help companies 
to save reaction time, diminish documen-
tation errors, and boost productivity. As 
shown in Fig. 5, this is the first step in 
achieving a paperless factory or what 
is known as a digital factory.
5.1 Business case of workflow 
automation: offer process 
automation
In a transformer offer process, typical of-
fer creation and costing require a huge ef-
fort from the sales. It can vary from hours 
to days, depending on transformer types. 
Many times, due to work exigencies, 
electrical designers get blocked by order 
designs, and it takes much more time for 
a sales engineer to get a matching design 
and corresponding costing. The calcula-
tion might not arrive promptly before the 
offer deadlines lead to frustration. Offer 
process automation can provide an 
answer to these challenges.
The electrical calculation is the brain 
behind the transformer design. It is im-
portant to create a layer of automation to 
optimise the designs and provide match-
ing engineering changes when a chosen 
design concept needs to be adjusted.
Since design concepts are completely ana-
lysed during the front-loading part of the 
development process, high completeness 
and maturity of data are achieved very 
early in the design process. This ensures 
that development setbacks can be identi-
fied when changes in the product are still 
allowed and allow for a better response to 
changing requirements, as shown in Fig. 4.
5. Workflow automation for 
efficient communication
Handover process or workflow is a col-
lection of tasks organised to accomplish a 
business process. A task can be performed 
by software systems or manually by engi-
neers, or a combination of both.
In transformer product development, a 
design engineer must work in collabora-
tion with sales, planning and manufactur-
ing departments. Workflow automation 
[9] uses a rule-based logic to automate 
manual work. By leveraging a defined 
process and documents to be shared, 
rally, transformer design companies can 
benefit from this technological develop-
ment. Aerospace and large power trans-
formers in product development follow 
engineer to order, and both designs are 
highly customer-specific. This leads to 
high engineering efforts and requires a 
lot of interaction with the customer to 
achieve design maturity for production. 
Any change in the customer’s require-
ment at a late stage of design will lead to 
a higher design and production cost. In 
this approach, product and engineering 
knowledge from earlier projects is cap-
tured, reused, and standardised to eval-
uate many possible design variants auto-
matically.
Naturally, the transformer industry cur-
rently uses previous designs and adapts 
the design to suit new requirements. How-
ever, it is based on major specification pa-
rameters that are definable and have been 
captured. It does not go a level deeper into 
the mechanical design and does not offer 
an automatic recommendation of design 
alternatives with a considerable degree of 
design maturity.
The goal of this process is to achieve full 
maturity of each promising design variant 
evaluated and enabling continuous inte-
gration of changes. Multiple options can 
be kept open during the offer stage and 
design definition phase, providing the 
flexibility to switch to alternative concepts 
when the customer’s design requirements 
change or become more mature. This en-
sures a large reduction in time-consum-
Handover process or workflow is a collec-
tion of tasks organised to accomplish a 
business process, where a task can be per-
formed by software systems or manually by 
engineers, or a combination of both
Figure 3b. Architecture for digitising a knowledge base of a company by creating a digital knowledge book – formalising knowledge 
acquisition and its application
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6. Good ERP and PDM system 
to cover the entire product 
development process
ERP (enterprise resource planning) sys-
tems are vital in today’s manufacturing 
industry. Companies of all sizes have gen-
erally implemented some form of ERP 
system, even if it is just a combination of 
different software and systems used for 
planning and executing the manufactur-
ing operations.
It is important for transformer manufac-
turers to have in place systems supporting 
their business from end to end. While 
that is a traditional function of ERP, it 
also needs to provide accessibility of 
business information in dashboards 
and apps to provide better insights to 
the management. They need to be con-
nective and communicative to lower-level 
software applications or self-developed 
software tools to address a huge gambit 
of smaller, isolated software applications 
by integrating them with efficient inter-
provide a very good insight into the sales 
pipeline for top management.
Though there are many sales configura-
tors [10] for standard needs available in 
the market, in many transformer segments, 
each offer needs to be calculated by the cal-
culation department. Typically, transformer 
manufacturing companies use their own 
home-grown electrical calculation tools 
validated and proven by their design and 
testing department. Investing efforts to con-
vert such old calculation tools into automat-
ed solutions to provide alternative design 
and cost for meeting the business criteria is 
worth the effort for transformer companies.
ing designs to meet the business criteria, 
be it cheapest cost, optimised solution for 
given technical requirements, matching 
the logistics requirements or installation 
needs. This automation layer can be con-
nected with a costing engine to provide a 
costing.
As explained in Fig. 6, an integrated solu-
tion has the potential to reduce the quote 
process from one or two days to virtually 
minutes. Moreover, the sales are free to 
create offers themselves without waiting 
for designers to make them independent. 
Offer database and CRM (Customer Re-
source Management) functionalities can 
The electrical calculation is the brain be-
hind the transformer design, which can be 
automated to optimise the designs and pro-
vide matching designs to meet the business 
criteria
Figure 4. Innovative front-loaded design process to achieve a high level of design maturity in the initial phase itself. This can significantly 
reduce design lead time compared to concurrent engineering.
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repeatable transformer manufacturing. A 
paperless system also enables the operator 
to become a part of the process improve-
ment feedback loop.
Although the benefits of a paperless 
factory can reflect on the balance 
sheet in terms of reduced overheads, 
more importantly, they can deliver a 
competitive advantage as a differenti-
ator strategy.
During the implementation, it is more im-
portant to create documents than just flat 
representations. They need to be interac-
tive, enabling data to be visually queried 
by the operator via a simple user interface 
that allows for a deeper dive into the data 
by simply clicking or touching the item in 
question. Handover process automation, 
central database structure, CAD models 
and PDM structure, manufacturing bill 
of materials play a vital role. A near-stan-
dard, properly implemented ERP system 
is essential for achieving success as the 
master backbone for carrying out the 
transaction.
tage by using cloud solutions [11]. 
Cloud services effectively offer unlimited 
and dynamic IT resources, form the foun-
dation of digital transformation, and can 
facilitate rapid business change. The role 
of IT in digital transformation is to focus 
on user experience rather than just on 
back-end IT.
8. Paperless factory - creating 
a digital thread
A paperless factory is a much larger out-
come of digital transformation in product 
development. It is not merely digitising 
work instructions coming out of planning 
and presenting them to an operator but 
managing the entire digital thread from 
design data, passing through revision con-
trol, engineering change, work instruc-
tions and bill of materials connecting to 
the production department. This is a path 
starting from product development lead-
ing to improvements in manufacturing 
excellence. It has good potential in reduc-
ing the engineering effort, management 
overhead and delivering more reliably 
faces in order to drive the business value. 
A good example here could be a trans-
former electrical calculation tool that 
painstakingly manually combines results 
from a special smaller application like hot 
spot calculation, short circuit, impedance, 
force, noise calculations, costing and op-
timisation algorithms. This could be inte-
grated to derive business value which oth-
erwise would be quite difficult to achieve.
That is why implementing a modern ERP 
system in its standard form or with proper 
customisation, reflecting the manufactur-
ing process and transactions, is a necessity 
for manufacturers looking to stay com-
petitive and achieve excellence in digital 
transformation.
7. Cloud-based IT 
infrastructure as a 
key element of digital 
transformation
Traditional IT systems are not suited to 
digital transformations. They are not 
flexible enough. They are not responsive 
enough. They are costly to maintain, and 
moreover, technology vendors are moving 
away from supporting their on-premises 
applications. Cloud computing and digital 
transformation go hand in hand. Among 
the businesses having a digital trans-
formation plan, 85  % have benefited 
from a tangible competitive advan-
Among the businesses having a digital 
transformation plan, 85  % have benefited 
from a tangible competitive advantage by 
using cloud solutions
Figure 5. A concept of connecting factory functions with a digital thread by creating workflow automation enables digital integration
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as a replica of a real unit, and various re-
al-life scenarios can be simulated on a 
cloud platform to predict its behaviour 
[13].
The goal for operators of power system 
assets is to increase flexibility, reliabil-
ity and profitability of the system, with 
minimum costs and maximum efficien-
cy. This pushes operators to go for fleet 
digitalisation and implement a more 
sophisticated condition-based mainte-
nance strategy, asset health monitoring 
concepts, build models to predict the 
residual life of the asset. This augurs well 
for the development of a “performance 
twin” [14].
In order to achieve maturity of the digital 
twin, digitalisation of the product devel-
opment process will become increasing-
ly important so that the operational and 
field data can be fed to R&D engineers to 
improve their designs.
The journey to create a digital twin can 
take a couple of years. But with prevailing 
technologies in sensors, IoT devices and 
cloud-based technologies offered by ma-
jor companies as off-the-shelf products, 
benefit all companies in the transformer 
value chain, manufacturers, sub-system 
manufacturers, utilities and services. It 
will help solve physical issues faster by 
detecting them in advance, predicting 
the outcomes at a much higher degree 
of accuracy, assisting in designing and 
building better products.
Digitalisation allows for the utilisation 
of digital twins – a model created from 
design and manufacturing data that acts 
Although the benefits of a paperless factory 
can reflect on the balance sheet in terms of 
reduced overheads, more importantly, they 
can deliver a competitive advantage as a 
differentiator strategy
The digital transformation with its benefits 
can be a crucial lever in creating a differ-
entiator in the transformer manufacturing 
market
9. Digital twin
A digital twin can be defined as a con-
tinuously evolving virtual replica of a 
physical product, process or system. 
A digital twin can be either a product 
twin, production twin or perfor-
mance twin [12], each relevant in its 
own virtual world. With the Internet of 
Things (IoT), every product is now get-
ting connected. There is no difference 
with the transformers. A digital twin will 
Figure 6. A concept of automation of the offer process empowering a salesperson – an example of an offer process digitisation
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companies can start creating a digital twin 
step by step with critical data points to re-
duce the development time and demon-
strate the business value considerably. 
Once proven, it can be expanded to all 
driving parameters, making it a complete 
virtual product equivalent to a real prod-
uct. For utility companies, the utilisation 
of digital twins will enormously help to 
optimise their asset performance to man-
age their operating expenditures better.
10. Benefits of digital 
transformation in the 
transformer industry:
Transformer manufacturing is predomi-
nantly driven by scale, capacity and cost. 
Transformer technology by itself is global-
ly available and cannot act as a differenti-
ator. In these circumstances, digital trans-
formation becomes a key lever in creating 
a differentiator in the marketplace. By 
adopting one or more of the mentioned 
technologies, manufacturing companies 
can increase their product development 
productivity, reduce cycle time, be cost-ef-
fective, thus differentiating themselves 
on the international market and staying 
ahead of their competitors.
The above-explained digital technologies 
are being successfully implemented by big 
transformer manufacturers in one form 
or another. Siemens transformer connec-
tivity platform Sensformer® and ABB’s In-
ternet of Things platform ABB Ability™ are 
major initiatives in the direction of digital 
transformation. Mid-size manufacturers 
like the SGB SMIT group also aggressively 
follow the digital transformation path in 
their product and platform portfolio to 
become agile, cost-effective, and interna-
tionally competitive.
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